Abstract-Changes in the properties of cyclic AM P-dependent protein kinase
were studied in the kidney of hypothyroid rats.
The activity of the crude extract was greater in hypothyroid rats than in normal ones.
The ratio of type I isozyme to type II isozyme in hypothyroid rats was about twice that in the normal rats with enzymes from both the cortex and medulla. A higher affinity for the substrates was shown in the enzymes of the hypo thyroid rat kidney. The effects of actinomycin D and of heat-stable protein kinase inhibitor on the enzyme activity were the same in both normal and hypothyroid rats. These changes in enzyme properties and isozyme distribution may well play an important role in the hypothyroid rat kidney.
The effect of the thyroid hormone on catecholamine actions has been studied in our laboratory using hypothyroid rats (1) (2) (3) (4) (5) . We found that the activity of cyclic AMP dependent protein kinase from hypothyroid kidneys increased as compared with findings in normal kidneys (6) .
Cyclic AMP-dependent protein kinase can be separated into at least two isozymes, on the basis of DEAE-cellulose chromatography, and these isozymes have different properties (7) (8) (9) (10) .
Recently, an altered distribution of isozymes was reported in certain pathological conditions with experimental animals (11 14) .
In the present study, rats were made hypothyroidic by feeding a propylthiouracil diet, and the excised kidneys were then divided into cortices and medullae. After DEAE-cellulose chromatography, the enzyme preparations were used to compare differences of the isozyme distribution and kinetic properties in the normal and hypo thyroid rat kidneys.
MATERIALS AND METHODS
Materials: Histone (type IIA), propyl thiouracil (PTU) and actinomycin D were purchased from Sigma Chemical Co., ATP and adenosine 3',5'-monophosphate (cyclic AMP) from Boehringer Mannheim, and DEAF-cellulose (DE52) from Whatman. Phosphorus-32 was obtained from the Radio chemical Center, Japan.
[7--32P] ATP was prepared by modification of the method of Glynn and Chappell (15) . Male Wistar rats were fed a 0.15% PTU diet for over 12 weeks. The hypothyroid status obtained during this period was as reported earlier (6) .
Actinomycin D administration: Actino mycin D was dissolved in saline and given i.p. In a dose of 66 ag/100 g of body weight. The rats were sacrificed at 4, 16 and 24 hr after the injection.
Preparation of protein kinase: Rats were decapitated, and kidneys were rapidly re moved and chilled in ice-cold 5 mM Tris-HCI containing 1 mM EDTA (pH 7.5). After dividing the kidneys into cortices and medullae, 3 g of cortices was homogenized with 6 ml of the same Tris buffer. One g of medullae was homogenized with 5 ml of the same buffer. Then, the homogenates were centrifuged at 20,000xg for 60 min at 4°C. Three ml of each supernatant was applied to a DEAE-cellulose column (1 x4 cm) which was equilibrated with the same Tris buffer. The column was washed with 50 ml of the same buffer followed by a linear salt gradient from a 0 to 0.4 M sodium chloride containing 5 mM Tris-HCI and 1 mM EDTA (pH 7.5). The flow rate was 0.5 ml/min. Five ml fractions were collected.
Preparation of a heat-stable protein kinase inhibitor: The protein kinase inhibitor was prepared according to the method of Gilman (16) . Rat tissues were homogenized in 3 volumes of 5 mM Tris-HCI containing 1 mM EDTA (pH 7.5) and boiled for 10 min. After removal of precipitates by centrifugation, one nineth volume of 50% TCA was added to the supernatant. The precipitate was collected at 15,000xg for 30 min and dissolved in water, and the pH was adjusted to 7 with 1 N NaOH. This solution was dialyzed overnight against distilled water at room temperature. The preparation was used as the protein kinase inhibitor.
Protein kinase assay: The enzyme activity was determined by the method of Corbin et al. (17) . The standard reaction mixture con tained 5 ,fl of 400 mM NaF, 50 ul of a solution potassium phosphate (17 mM),
[r-32P] ATP (0.2 mM), magnesium acetate (6 mM) and histone (2 mg/ml) in the presence or absence of 2 ~W cyclic AMP. The effect of protein kinase inhibitor on the activity of protein kinase had been examined in the presence or absence of 10 SCI of protein kinase inhibitor. The assay reaction was started by adding 10 ,rd of the enzyme (total volume 75 al). The incubation was carried out at 30°C for 10 min. The reaction was stopped by pipetting 50 PI aliquots of the reaction mixture onto squares of filter paper (2x2 cm) followed by washing according to the method of Reimann et al. (7) . These papers were dried and transferred to liquid scintillation counting vials to which 10 ml of toluene-based scinitillation fluid had been added.
The protein concentration was determined by the method of Lowry et al. (18) .
All statistical analyses for the significance of differences were carried out using Student's t-test.
RESULTS
Protein kinase activity in the kidney of normal and hypothyroid rats: Table 1 shows protein kinase activities of crude extracts of kidney cortices and medullae from normal and hypothyroid rats. In the cortices, the enzyme activity from hypothyroid rats in creased both in the presence and absence of cyclic AMP. On the other hand, in the medullae, the increased enzyme activity was observed only in the absence of cyclic AMP.
Effect of actinomycin D on the activity of protein kinase: As shown in Table 2 , the change in the activities was the same in both normal and hypothyroid groups after a single injection of actinomycin D. The activity slightly decreased at 1 6 hr after the injection and then returned to the control level at 24 hr. These results were unexpected and suggested the possibility that the synthesis and de gradation of the enzyme protein was balanced even in hypothyroid rat kidney.
Effect of heat-stable protein kinase in hibitor on the activity of protein kinase: Boiled extract of the kidney did not reduce the enzyme activity. Therefore, the inhibitor Actinomycin D (66 pg/100 g body weight) was given i.p. and rats killed at different time periods. Six animals were used in each group. The enzyme activity was assayed in the presence of 2 I'M cyclic AMP. The activity at zero time was 168.3+7.6 pmol 32P incorporated/mg/min in the normal and 210.6+10.0 pmol 32P incorporated/mg/min in the hypothyroid, respectively. obtained from rat skeletal muscle was used.
As shown in Table 3 thyroid rats. As shown in Fig. 1 A and 1 B, the enzymes of the cortices from both normal and hypothyroid rats were eluted at ap proximately 0.05 M and 0.15 M NaCI. On the other hand, the enzymes of the medullae were predominantly eluted at 0.15 M NaCI, and a minor peak appeared at approximately 0.05 M NaCl ( Fig. 1 C and 1 D) . The first peak was designated as type I and the second as type II as defined by Corbin et al. (9) . I n the cortex from the normal rats, type I and II kinases represent approx. 25% and 75%, respectively. On the other hand, the isozyme distribution was approx. 35% and 65% in the hypothyroid cortex. In the medulla, the distribution between type I and type II isozymes was about 10% and 90% in the normal, but about 20% and 80%, respectively, in hypothyroid rats. The ratio of type I isozyme to type II isozyme in hypothyroid enzymes was about twice that in the normal enzyme. The data represent mean±S.E. of three determinations performed in duplicate. *Significantly different from the normal (P<0 .01).
Apparent Km values for histone and ATP: Effects of various concentrations of histone and ATP were examined for both types I and II isozymes in the cortices and medullae of normal and hypothyroid rats. As shown in Fig. 2A , the apparent Km value of type I isozyme for histone in the absence of cyclic AMP was 0.77 mg/ml with the normal and 0.29 mg/ml with the hypothyroid enzyme.
In the presence of cyclic AMP, the Km value for histone with the normal and hypothyroid enzymes was 0.31 mg/ml and 0.13 mg/ml, respectively.
The maximal velocity of enzymes from both groups increased 1.3-fold in these fractions with the addition of cyclic AMP. Other Km values are summarized in Table 4 . The apparent Km values for histone in the presence of cyclic AMP were lowered by approx. one half those in the absence of cyclic AMP. The Km values for histone of type I isozyme from the medullae were the same in both the normal and hypothyroid rats.
Other Km values for histone decreased in hypothyroid status.
The apparent Km values for ATP were not affected in the presence of cyclic AMP. The values in type I of the cortices were 68.7 ,eM for the normal and 20.2 i€M for the hypothyroid enzymes. Other Km values for ATP were the same both in the normal and hypothyroid enzymes.
Increased maximal velocities were observed in all enzyme preparations in the presence of cyclic AMP.
DISCUSSION
It has been reported that protein kinase in the kidney is localized in the plasma mem brane and cytosolic fractions (19, 20) . Soluble cyclic AM P-dependent protein kinase was examined in the present study. Protein kinase activity of the hypothyroid kidney increased and changes in some kinetic properties were observed (Tables 1 and 4 , Fig. 2 ), whereas effects of actinomycin D and heat-stable protein kinase inhibitor of skeletal muscle on the enzyme activity of the hypothyroid kidney were the same as those in the normal rats (Tables 2 and 3) . Habhab et al. (21) demonstrated that the activity of cyclic AMP-dependent protein kinase was 2'3-fold higher in the PTU-treated thyroid gland than in the non-treated preparation. However, Harkcom did not find this difference in the enzyme activity of normal and hypo thyroid rat kidneys (22) . These discre pancies may be due to the different drugs used to obtain the hypothyroid status, namely, PTU and Na1251.
The apparent Km values for histone of the enzymes from hypothyroid kidney were approx. 50% below normal, in the case of both cortical isozymes. In the medulla, the apparent Km values for histone in type I isozyme showed normal values, but type II isozyme decreased to less than half that of normal kidneys. On the other hand, the apparent Km values for ATP with enzymes from hypothyroid kidneys were identical to those of the normal, except type I isozyme of the cortex (Table 2) . Cyclic AMP lowered the Km values for histone, but did not affect those for ATP, as was also reported by others (7, 22) . Moreover, it is well known that there are at least two isozymes of cyclic AMP dependent protein kinases, and their distri bution appears to be tissue-specific (7, 23 26) . Generally, type I isozyme is found in embryonic tissues and relatively undifferen tiated tissues, whereas type II isozyme is contained in certain differentiated tissues (27) . Altered distribution of these two isozymes has been observed under certain pathological conditions such as mammary carcinoma (13) and cardiac hypertrophy (28). Mackenzie and Stellwagen (11) also reported that extracts of hepatoma cell line (HTC cells) lacked one of two cyclic AMP dependent protein kinase fractions which were present in the liver.
The elution profiles of DEAF-cellulose column chromatography of the normal kidney were essentially similar to those reported by others (25, 29) . However, the results of our study demonstrated that the ratio of type I to type II isozyme was approximately twice in the hypothyroid rat kidneys. These data are consistent with the results reported by Fossberg et al. in the case of clinical renal carcinoma (29) . The present study also showed thal change in the affinity of the enzyme for the substrates and altered distribution of isozymes might account in part for the change in the enzyme activity of the hypothyroid kidneys. The results obtained by actinomycin D treatment suggested that the lack of thyroid hormones appeared to cause a decreased breakdown of the enzyme protein as well as a decreased synthesis of the enzyme protein and these two processes were balanced, as has been reported in the case of skeletal muscle protein (30) . Consequently, these results together with others (19, 20, 22, 25, 31) suggest the possibility that thyroid hormones modulate the renal function via cyclic AMP systems.
